Objective: To describe imaging-specific findings on the initial chest radiographs in a group of heatstroke patients. Materials and Methods: An experienced radiologist retrospectively evaluated the initial chest radiographs of 15 heatstroke patients from the September 2016 Mecca stampede. The presence of endotracheal intubation, pleural effusions, airspace opacities, interstitial opacities or bronchial wall thickening was recorded. The chest radiographs were also assessed for being unilaterally or bilaterally abnormal. Results: Assessment included eight (53%) males and seven (47%) females (average age of 54 +/-slandered deviation 12 years), eight (53%) of which were intubated. 12 (80%) radiographs were abnormal; nine (60%) bilateral. There were five (33%) cases of pleural effusions. There were two (13%) cases of ground-glass opacities, six (40%) cases with atelectasis, eight (53%) cases of bilateral bronchial wall thickening and three (20%) cases of bilateral interstitial lung opacities. No pneumothoraces or consolidations were detected. Conclusion: Most heatstroke patients had bilateral nonspecific initial chest radiographic findings. Bronchial wall thickening, interstitial opacities, and partial atelectasis were most encountered while pleural effusions and ground-glass opacities were less frequent. Further studies are required before our results could be generalized.
Introduction
Heatstroke is a serious condition that occurs from the elevation of core body temperature above 40°C, resulting from exposure to hot climate with excessive physical activity (i.e. exertional type) or in the absence of it (i.e. classic type) (1) . The primary system affected by heatstroke is that of the central nervous system, but multisystem involvement is common as well (1, 2) . The respiratory system may be involved with heat stroke in various ways (1) (2) (3) . To the best of our knowledge, the literature describing the initial chest radiographic imaging features of patients with heat stroke is sparse (1) (2) (3) (4) (5) (6) (7) . In this study, we aimed to evaluate the initial chest radiographic findings in a group of heatstroke patients referred to our care as a result of the September 2015 Mecca stampede(8).
Materials and Methods:
The initial chest radiographs of 15 heatstroke patients who presented to our tertiary care center as a result of a the September 2015 Mecca stampede (8)during the yearly Islamic pilgrimagewere assessed. All chest radiographs were obtained according to known standard techniques (9) . The patients' age, sex and final outcome were also recorded.
An experienced chest imaging fellowship-trained radiologist analyzed the chest radiographs retrospectively. The presence of endotracheal intubation was evaluated. The radiograph was designated as abnormal if lung or pleural abnormalities were present. Pleural abnormalities were defined as pleural effusions or pneumothoraces. The pleural abnormality was assessed for being unilateral or bilateral, if present. Lung abnormalities were divided into airspace opacities, interstitial opacities or bronchial wall thickening. Airspace opacities were defined as consolidations (increased lung density that obscures underlying lung markings), groundglass opacity (increased lung density that is not obscuring the underlying lung markings) or atelectasis (increased lung density that is associated with features of partial, lobar or total volume loss) (10) . Bronchial wall thickening was defined as thick tram track or rounded opacities that continue with hilar airways. Interstitial lines other than bronchial wall thickening constituted interstitial opacities. In the presence of any of the defined lung abnormalities, the chest radiograph was designated as unilaterally or bilaterally abnormal.
Results:
There were eight (53%) males and seven (47%) females, with an average age of 54 +/-slandered deviation 12 years. Eight (53%) supine and seven (47%) anteroposterior sitting chest radiographs were obtained. Nine (60%) patients were intubated. Two (13%) patients eventually died.
There were 12 (80%) abnormal initial chest radiographs; nine (60%) with bilateral and three (20%) with unilateral involvement. There were five (33%) cases of pleural effusions; two (13%) on the left (Figure 1) , one (7%) on the right and two (13%) bilaterally. No pneumothoraces were detected on any of the patients.
With regards to lung abnormalities, nine (60%) were bilaterally abnormal, and three (20%) were unilaterally abnormal. Ground-glass opacities were detected in two (13%) of patients, and no patients had consolidations. There were six (40%) cases with atelectasis; one (7%) case of complete right upper lobe collapse and five (33%) cases of partial atelectasis. There were eight (53%) cases of bilateral bronchial wall thickening ( Figure 2 ) and three (20%) cases of bilateral interstitial lung opacities.
Discussion
The initial chest radiographs in our heatstroke population were abnormal in 80% of the cases, with more bilateral than 
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Licensed Under Creative Commons Attribution CC BY unilateral involvement. However, the detected abnormalities were nonspecific, in the form of bronchial wall thickening, interstitial opacities, atelectasis, ground-glass opacities and pleural effusions.
The literature reports that a subset of heatstroke patients may have a normal initial chest radiograph (4, 5, 11) , which was encountered in 20% of our patients. The majority of chest radiographic findings previously described were contributed to pulmonary edema or acute respiratory distress syndrome (ARDS) (4, 6, 7, (12) (13) (14) . Of note, the literature on the topic is not imaging-oriented and does not address specific imaging signs on chest radiography.
Atelectatic changes were the most common finding in our group of patients, mostly partialin nature. In concordance with the literature, our cases frequently reveled bronchial wall thinking and interstitial opacities, which may have resulted from cardiogenic or non-cardiogenic pulmonary edema, ARDS or renal impairment (1-7). Bronchial wall thickening may have also resulted from aspiration as well. Pleural effusions were also encountered in our study, potentially due to pulmonary edema or ARDS. Although there were no consolidations in any of our patients, another form of alveolar density, known as ground-glass opacities, was seen in 13% of cases.The cause of such finding is not entirely clear, but such a findings may be a result of partial atelectasis, infection, aspiration, pulmonary edema or ARDS (15) .
Several limitations should be addressed regarding our study. The relatively small number of patients would restrict applying our results on larger cohorts. However, we hope that our effort would be a stimulating initiative towards assessing initial chest radiographic findings on larger numbers of heatstroke patients. Although our study was geared towards describing the radiographic findings according to standardized imaging-specific signs, our understanding of the cause and significance of such findings has not been particularly evaluated in this paper. Addressing this later point in a more subjective manner would be perhaps doable if a larger cohort of patients is assessed in the future. Finally, a better understanding of chest radiographic findings in heatstroke individuals is expected if correlation was performed with computed tomographyorwith findings on follow-up chest imaging.
Conclusion
The majority of heatstroke patients demonstrate nonspecific findings on initial chest radiography, mostly bilateral. The most prevalent findings were that of bronchial wall thickening, interstitial opacities, and partial atelectasis. Pleural effusions and ground-glass opacities were not frequent while no consolidations were seen. Further studies of a larger number of patients and with temporal imaging follow-up are needed before our results could be generalized. 
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